Attorneys Docket No. 5649-1286 



PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re: Ki-yeon Park; Sung-tae Kim; Young-sun Kim; In-sung Park; Jae-hyun Yeo; 

Yun-jung Lee; Ki-vin Im 
Application No.: To Be Assigned 
Filed: Concurrently Herewith 

For: METHODS OF FORMING METAL THIN FILMS, LANTHANUM OXIDE FILMS, 
AND HIGH DIELECTRIC FILMS FOR SEMICONDUCTOR DEVICES USING 
ATOMIC LAYER DEPOSITION 

April 21, 2004 

Mail Stop Patent Application 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

SUBMITTAL OF PRIORITY DOCUMENT 

Sir: 

To complete the requirements of 35 U.S.C. § 1 19, enclosed is a certified copy of 
Korean priority Application No. 10-2003-0025533, filed April 22, 2003. 

Respectfully/sub^ittady 




Shawna Cannon Lem< 
Registration No. 53,888 

Myers Bigel Sibley & Sajovec 
PO Box 37428 
Raleigh NC 27627 
Tel (919) 854-1400 
Fax (919) 854-1401 

CERTIFICATE OF EXPRESS MAILING 

Express Mail Label No. EV 381442928 US 
Date of Deposit: April 21, 2004 

I hereby certify that this correspondence is being deposited with the United States Postal Service "Express Mail Post 
Office to Addressee" service under 37 CFR § 1.10 on the date indicated above and is addressed to: Mail Stop PATENT 
APPLICATION, Cornnussioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 



*£usan E. Freedman 
Date of Signature: April 21, 2004 




This is to certify that the following application annexed hereto 
is a true copy from the records of the Korean Intellectual 
Property Office. 



e gj «j s 

Application Number 



10-2003-0025533 



I i! B 1 I 
Date of Application 



2003^ 04S 22gj 
APR 22, 2003 



Applicant(s) 



pj 




SAMSUNG ELECTRONICS CO., LTD. 



2003 



L-1 



11 



m 



14 



*1 

COMMISSIONER 




1020030025533 2003/11/20 
[Aiflg] ^5I£S!/H 

[aal 1 ?©] mm 
[^mx-\] mm%m 

0004 

[HIS^XH 2003.04.22 
[^fl|»5IS?|] H01L 

9S] A L D Oil °\m s|Sj- §£j , a^qi- §ah ujg §m 

S^gill Methods of forming metal thin film and lanthanum oxide layer 

by ALD and method of forming high dielectric constant layer 
for semiconductor device 

[§S] £f£2Ii Al- 

[SSejSH] 1-1998-104271-3 

0ISII 

[CH£I2!3E] 9-1 998-000334-6 

[SS^ISe^eis] 2003-003435-0 
[CHBI2J] 

[CUBiej^c] 9-1998-000541-1 
[£1^S§^S!S] 2003-003437-4 

[^S°J SSS^I] PARK , K i Yeon 

[^eje^Ss] 720407-1005911 

449-901 

[^^] s^it gejAi j\mm ^ah^i 7-1 

[^3] KR 

§?5^|] KIM.Sung Tae 

[^eie^eis] 60 1227- 1002238 



41-1 



1020030025533 



mm mx[: 2003/11/20 



137-071 

AHg^^AI AH 2^ M^m mCAOmm 20-805 
[^3] KR 

[£g£| S^SJI] KIM, Young Sun 

I^eJ^^&ls] 640717-1046422 

442-813 

[^1 ^SAI 988-2 **?3 ^Iiom^ 71 1 

1301S 

[^] KR 

S^SPI] PARK, In Sung 

[^SJi^as] 680524-1895118 
[?0St] 137-870 

AHM^^AI AHs? AHS3e 1507-30 ±Mo[^± 201S 
[^3] KR 

[£S°1 S^SJI] YEOJae Hyun 

[^9Je^Ss] 730302-1621620 

137-888 

l^&l AHg«A| A-\^=? QJUB 17-142X1 3M 

l^] KR 

0|@§ 

S^S^I] LEE.Yun Jung 

[^9J^^Ss] 750624-2068414 

151-800 

[^^] AHg^^AI yg§ 1081-34 

[^1 KR 



41-2 



1020030025533 



. &i oi 



XI: 2003/11/20 



[^±] 



pi 



] 



is. 

[£JAH!^] 

[trail 

[S¥/H#] 



1 287-3 a XI 20 m 



SJISJ 
IM.Ki Vin 
710807-1009510 
441-390 
3JI£ ^SAI 
KR 
§^ 

^oHS X1I42^°I CHI °\m §9 , JII602SI 7?^ CHI £| 

§h Al- S S?iL|Q. QHd|oi 

0|g§{ (oi) cH£|oi 
(oi) 



20 
21 
0 



2 



60 S 
2,079,000 



29,000 S 

21,000 @! 

0 §! 
2,029,000 



1. fiSf/H- SA||AKES)_H 



41-3 
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^ ol=c>|^^ ^-g-tj}^ ALD 7l^Hl 

W=h ^7} m «b-§-#^. xj-^s <>1-M*1tt *\]2 «h§-## *}-8-*}fe- ALD # 
^sj-^-i- ^^*>7l ^*}<*l ALD ^ofl La 2 0 x (x < 3) 2^-§- ^l £^ ^S^^ 

^, =L 5]°]} La 2 0 3 2:^ # 7>^1^ »12 ^E]- ^nV-g. ^ ^ ^ . ^ iiS^i <£^-A)- 
o^EL 7^1 1 2] -R-71^ Af-g-^ -fre^t}. 

£ Id 

mil*]] 

^n^, -B-7i^ «t, ^Aj-oic ( <&±&% ^ 
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1020030025533 #^ ^7}: 2003/11/20 

ALD1 ^tb ^ <W ^ y J"^ , ^ fj-^ «J *K£*fl i*}^ -H-fr^ $ 

A ^ {Methods of forming metal thin film and lanthanum oxide layer by ALD and method of 

forming high dielectric constant layer for semiconductor device} 

51 la 51 ldfe £ ^4 afll ^Al^ofl 4= Ji^-^nv tg^ wJ-^-i- ^^^>7l 

^ ^ 42r 5L^]*> ^5H-o]4. 

51 2a ^ 51 2b^r ^ £ ^afl 4€- ^ °l-g-5]*r al D ^gofl ^ 

51 3£ ALD ^cHl ^^2] ^o\) x%s> ^ ^7>*r 

51 2a ^ 51 2b^r A\2 ^HHl 4^- jl-fr^ ^ &^7] 

*3 <£*H 4ef 51Altr ^51^-01^. 

51 5^r £ ^12 ^Al^ofl J7 O-^nVo} s.^^. 3g 7 >tr ^4 

10: «VE*fl 71^:, 12: ^ 20: JH-fr^*}", 22: ^ , 26: ^ 

-a-Sr^ 1 -, 110: «>51^ 7l^r, 112: ^ 120: -fr^, 130: aj)2 -fr^, 132: ^Bi^g 

^ ^ 136: ^ -trs)-5|. 
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^ ^-£r ^3 5)5.^ ^ofl ^O.S., ^1 #4? ^ « 0 V^, ^-Hl- a>5). 

tiJS^l ^7>^ $?*5.7} ^7}^°\) tt)-ej- DRAM ^M ^3flA]E^ ^cf s ^ 

SflAlE]i7> iL^Jl Siq-. o|ofl n}^, ^5flAlEi^ ^^g- ^f»tg, , B31*]^ 

o.^nV -^11- ^Tfl a o >^ ; ^ ^-*} 7}*} ^ JL-fr^ #H £E^r -fr 

°1 n l ^ t-MH SL^V^tf. ^oL, -fr#^ #^1^ -T^m^l- ^7\A\ 7]^ ig-ig o. 

A l 3-g-*Rr n ^A7\ 9X^. ^ -fr# 7Mb M, ^l* Ta 2 0 5 , TiO 2 , A1 2 0 3 , 

Y 2 0 3) Zr0 2 , BST ((Ba.Sr )Ti0 3 ) ^ ^ ^o.^ .^tq- ^-§-*}b ^ofli^ 

^ #^3.^ ^f-g-^ #5^5^-8- #^r<L3. *}&*}7] o^tf. o]^ ( if^^- 

^ ^^7llolH7> *}-%-nX) S]^ ^-^7> OH- « 0 ^1^7l ^Hr 
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^ cfl^l (work function^} -g- TiN^u)- p t ^4 ^ #^-o_3. a}-§-^ 

MIM ^5fl^Ei7j- ^51534. MIM Tl^AlE^jA^ ^nT-O^ #± ^5^0} 3. 

Srl-^r ofll- Ta 2 0 5> Y 2 0 3 , Hf0 2 , Nb 2 0 5 , Ti0 2 , BaO, SrO, BST 9X^. 

<**v* ol^^# 7H^ La 2 0 3 7l- 7^2)1 A] ^ -fr^BV ^ILi^ ^ #7fl^ 7>^ 

* *%7}s)5l 014. *l#*W*r La 2 0 3 i^-l- ^^*>7l ifl*H ^ 

(evaporation) JE^ CVD (chemical vapor deposition) tt o v ^ 0 l ^r-S. ^V-g-s]^^ 

n^M-, ^ 2E^ CVD La 2 0 3 ^3 z\S.°\] *j-§-*Rr 

UHl^r 4^-4 4^-4. La 2 0 3 TlsflAlE^ *\£-i5}7} 

^^ ^ft 7^1^ Ajjtfl ^S<H1^£ &*}S.^^r 7}*}JL ^^*V ^ 

S\o]o\ *>cf. ZL&m-, ^UrfH ^£ La2 o 3 wVo^o. ^ o] v^E-S. 7]^*]^ 

9] $-*i^o_S. a>-§-^ %± l-7>^-*>cf. La 2 0 3 -H-fr*i J^-fr -fM*> 7 l 

^ La 2 0 3 ^4 Sj-Jf- ^^9] A\o)d\) ^o.^^ol ^5}^ cH^d\o\ f(Yt\. ZLE^U)-, 

^ %^$-*] Ssl^E^o) a>-§-£)^ Tj-f , CVD « 0 ^°fl ^«fl La 2 0 3 ^^r^ CVD ^ 

A l 3-8-3x7 ^ ^ La 2 0 3 ^aj- ^E)^-4-o] 31 1£ ofl ^ ^5l?fl^H7> ^ 

^€ 7>^°1 ^4. La 2 0 3 #El^E)^- A>o] ofl a^aJ^ ^eJ- ^elTHoje^ *) 
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<13> -S- i£tgo] 3.^4. ^-714 ^efl 7l^oflA^o) ^JL*} *}^r 3-2.3., 

ei^4 7>x|jl ^-ns. ^ su^ ^ ^ ^-g- *n^Kr 

<15> a. av^o^ g: cf^ -E-^ o-^^j. c]-^ t ^jo *fl^5r}ZL *i ^ 

<16> #71 ^^>7l fl*}*J, ^ofl CCfs «vnv ^ ^ofl^ -fM^ sj- 

^-#3 ol^^^. A>-g-*>fe- ALD *}^] 7]%^ ^^^91 

7>^1^ ^ ^#5. O^^TT AV^^^ Aj.^.nV^ ^_ 

A o v 7l *fl 1 tiV-g-#3f Aj.^| S ol sc^^l^ ^2 Al-g-sRr ALD ^7] a>^ 

<17> #7] A]-^^^ ^ ^#*>7l ^ #71 aV£^l 7l^r#ofl a o v 7 ] tiV 

-§-!--§: ^71 *f|l «&-§-§- ^ ^^j-JI, A o V 7 ) HV £ ^1 7]^#^ «LAJ. # ^ g]^ 
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1020030025533 «J*>: 2003/11/20 

(purge HI sl«H *i|7lth=k 4^ ^fl^ #7l ^ -^^H ^€ "fl^W #7l 

#7l ^ -£S^-g- <g>8*M ^^H, #7l #4* #5]-*W ^-£^1 

7]* $H #7l afll ^^-^H #7l T^H 5).^-*^ (chemisorbed layer)* 

^^W. H ^ #7l ^11 «>-g-#^ HV-g- Jf##^ ^Tl^Vcf. ^-71 ^2 ^-g-^-g- #7l sj-^v* 

^ $W #7l #7l 7^12 tiV-§-#* Sj-flfr ^-g-Al^ltj.. 3. ^ #7l 7fl2 

^-§-1:^ ^r-g- ^##-8: ^TRVtf. ^ #7l ^ ^SKH ^€ #7l *V cj- 

M. Mj-^ofl *f€- ^ ^ #7l ^ #3*^* ^^Hr #7fl«- 

3 ^ 5M. #71 O]^^ #7l #^?J^ ^ *)^, HL^r #71 ^ # 

A>ol^ 7)1 <go} -^-71^ 2^H-#^ ^^Tr Tfll tiV-g-l-g; A>-g-sVfe ALD ^ofl £l*H 

31 7l^-#o]l La2 o x (x < 3) 2:## aVS)-^ ^^cf. aj- 7 ] ^ ul-g-^-jif a> 

Si- TflS. ol^ol^l^ ^ 2 uV-g-i-g- A}-g-*>^ ALD <^H #7l 7fll ^ $H 

La 2 0 3 S#^r 7}^1^ ^2 #s}-«Kg- ^^4. #71 TlU aV-g-#SAi ^a>o|c ^^oj o_ 

71^ JWi-i- A>^>^ ^Ol ^B^^t}. 

#71 JE 4=- S.^^- ^§V7l fl^, <#E]H Ofs aVE^] ^7}^ jl-R- 

^# ti c V ^°fl^1^ &£.*ft 7l^-#ofl *fll ^ #3^!-S Ol^-^^l^ ^11 -ft-^-g- ^^*>cf. 
#71 Tfll -f}-^ $H1 7fl2 ^4? #2}-#S. ol=<^^l^ ^2 ^-^^ ^zjVcf. A o V 7 ] ^2 ^-^^V 
* ^#^>7l ^sH, "21^ -H-71^-^ s^-tMr^. ojJfo^l^ tiV^^- ol-g-*j. ALD ^ 
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*M #71 ^11 $H sin<$^9l ^Jitf #i 7Hb #71 7fl2 ^ #S)- 

#5. ^ ^V2}-^-ir ^#*}:a, #71 ^l ^#14 #SM1S 01^^- 

*)12 ^>-g-^ ALD ^<H1 #7l #di^^ ^ #SJ-°1- ^^M- ^ 

#7l *fll -^-^si-^r AI2O3S. ol^ol^l^ ^ol af^^l-cf. 

i&th #7l £ tf-E- ^-^^ ^^1-71 ^*H, £ ^^1 A2 <#n°\] ^-£^1 ^7V^1 

^-fr^l^ ^ H c^°11^^ ^--£^1 7l^#<Hl ^-4=- *Y^3, o]^o]^)^ ^1 -a-^DV^. 
. #71 afll -B-^si- $)°\] ^V^S. o}^o]X\^ *fl 2 ^^Kg- tb^f. #71 ^12 -fr^* 

^^5>7l 3*H, ^ ^71^ 2}-^#5L ol^o]^^ tiV-g-l-^- ol-g-*V ALD ^°fl o^c*] 
#71 *ll 1 -B-^si- ^<^1 La 2 0 x (x < 3) S#^r 7>*lfe afli ^ #S|-«K§- ^^L, #7l *f|l wV 
^-1-4 S o] e^^- ^ 2 y>o.-.o. Af-g-s]-^ ALD ^°11 #7l XI 1 ?+E4- Al-^tq- 

$H La 2 0 3 7>*1^ ^12 ^#*Vcf. 

^ofl ^*>^, Sh£*11 ^7>S1 .^o-^nKg. o^c*) ALD ^*cH ^l^H 

^ ^ #sK v ^ ^ #2}-^ ^#*Rr 2^711 ^ H s v ^l 

^ «g*fl -^s^l ^ *}Jf ^q- $H -*Mrt!r 5Li#^§- ^ 

^7> e ^ #^-^ ^^^-A^M) Tl^AlE^ ^ S-Aj^. ^Aj-Al^ ^ ol Cf. 
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4^1 *lHSRr ^^l^s-o. a^7r*l ^ ?§Vj\£_ ^ 5U-° ^ , ^3 

4 -§"4 ^4^r ^HH 4^4^r 3^ 4M4. 1^4 -^Hfe- ^ <3444 4^34 

th ^ *M 4€- 4 Hl^r 7)^: a] »^»<H1 444^ 47fl^ <#7] 4^ 44 4-E- 

44 o^ofl ^1^ S^ig- ^£ ol i( ZL 4°H1 *1l34 4^ 4°1 7)1 7fl^ ^Cf. 

£ la 44 £ ld^r ^ 1^4 *f|i -a AH o(| 4^ Jl-B-^i^- ^4 4^-§: ^^^V7l 4*r 

°i *3 44 £44 ^^£1^14. 

£ la» %^44 , 4-£*fl 44:(10HM1 4-^ ^(12)* ^^^4. 44 4^ 44(12) 
£ ^ 44# J)^4=.<L3. o}^o]^_ - 544. ofl^. s.^, 44 4^ 44(12)^ TiN, 

TaN, WN, Ru, Ir JE^r PtS al-Sp-o^ ^ 014. MIM ^57} o}4 ?1^44« ^f^Rr ^-f, 4 
7l 44 #4(12)# 51^4 #4^3-^3- *§4^ ^£ $14. 4 44 4^f 44 

(12)01 3^4 14EI ^4 a>44^ 511- 4444 444 #4 44 44(20)4 3.^ 

RTN (rapid thermal nitridation) 4^144 A o v 7) 4-t- ^4(12) 4°fl ^4€- ^44(£4 
^4)"8: ^4tr4. 

^ -^-71^ 4^*5- 4-^44^ 41 441-8- 4-§-*r^r ALD (atomic layer 
deposition) ^^H 4*H 4"7l 4-?- 44(12) 4°fl A J±^1 ^ 44-4(22)^- 4 5 ~ 30 

A4 ^444. 44 4^44 ^ 444(22) 44 ALD -§-4^ 4 200 - 350 

°C4 ^£4°H4 ^4^ 534 4^3*1-4. 
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^#5. Ol =-0^^4. AV^-.^ 0]^^1^ ^O.^^ ^ 0. ( Aj-7] A>^^^ ^ 

^ ^^"(22)^- La 2 0 x (x < 3)^1 7^1 ^ ^ A^nVo] ^A^tf. 

^ ^ir^. ol^o^l^ *Y±^ =r4f ^-^(22)^ ^*Hr d] fl<H*1, 

*fll ^r-i-l-^i 1-^ La(NPMP) 3 (tris(l-n-propoxy-2-methyl-2-propoxy)lanthanum(III)) , 

La(NPEB) 3 ( tr i s(2-ethyl-l-n-propoxy-2-butoxy) lanthanum( III)), La(0C 2 H 5 ) 3 
(lanthanum(III) ethoxide), La(EDMDD) 3 

(tris(6-ethyl-2,2-dimethyl-3,5-decanedionato)lanthanum(III)), La(DPM) 3 
(tris(dipivaloylmethanate)lanthanum(III)), La(TMHD) 3 

(tris(2,2,6 ) 6-tetramethyl-3,5-heptanedionato)lanthanum(III)) , La(acac) 3 (lanthanum(III) 
acethylacetonate), La(EtCp) 3 (tris(ethylcyclopentadienyl)lanthanum(III)) A}-g-fr}-rf. 

La(NPMP) 3) La(NPEB) 3 La(0C 2 H 5 ) 3 ^ °]^-<Ha1^. jl*] h}^*).^, #7] ^ aV-g-^ 
La(NPMP) 3 S. ol ji^fl Aj-Bfloi La(NPMP) 3 * 1^°fl ttj-^- jl-fr*!^ ^ ALD 

^cHl ^>-8-*>7l 3«H, ^7^ La(NPMP) 3 l- <Hll|Al#S^<+(ethylcyclohexane)4 ^ -Ml* 
^1~§-*H -8-^ #313. 7} S*7l*H * , Aj- 7l 7l^-7H>H 7ISH53 o.S ALD *3 

#7l aJ-^^^ ^ #-5KM22)£- #7l afll «V -§-■§- n>-g- nflo] AV-g-*}^ ALD ^ 

ofl S^a} ^Aj^cf. ^, Aj. 7 l aV^^^ ^ #3^(22)* *g#*M ^fV ALD 1 Afo) 

#-& A o V 7l S>^- #^-(12)ol tiV£^ 7)^(10)^1 ^"71 *fll ti>-§-#^- -^^SH A o V 7] *fll 
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^-S-l-^ sK^^Cchemisorbed layer) ^ l-^^Cphysisorbed layer )-g- it^rfe ^ 

*rTr ^711^, 1-*^ 7>i# °l-g-*H #71 hVje^I 71^(10)^ Ir^^Ltr 
^T^M 5*1*1 ^Tjll- i^-tVcf. #7} *fll aV-g-l-g- o)-g-^- ^1 u^l ^ # 

^ ^1^1 #7l ^4- ^^-(22)* ^*Vtf. 

A oM *V ta}<2}- ^ol, a o V 7 ] AV^^^ ^ ^5^(22)* ^Sr}fe cfl #7] S}^ £ 

^-(12)3] ^# ^^]^>7l -B-71^ 2}-^#S o^o^i*. 54- ^S!]. jj)*] 7^ °>^- 

^, A ^7] ^>4i^^ #4? #3^(22) ^^ofl A>5|-^# A>-g-*>*l g£o_ 

^7} t}^- ^(12)^ ^ ^m^f. SE^b, ^"71 ^M^^ W3K22)£r ^ 

^3V ^6flA-1 AVj^j 7 >^ofl cfl*V 3J-A)- tij-^nVO.^ *|-g-*H A oM ^ ^^"(12)^ ^5}. 
» ^.5*4. 

£ lb» #7] *}r±%% ^4f ^S}-^(22)* ^Ml ^ 7>^ SE^r ^ 

£rfl7l*HM <H^^^. A o V 7l ^-n- 7>^(24)» oj-g-^V o^iy =4* Af 

sK v (22) iflofl 01 o. 7] _- ^ o] 01 ^ s-Tg 

71 *8*Rf ^JH, ^-f<H| 14^ ^ 7>^*>cf. £*V, Aj. 7 ] £ lb ofl 

«>^r A o v 7l ^3^(22) ^ 3i * el] *9*r*l ^ ^Mr^l -H-fr^ =§^ v ^ 

^7) A>^ ^-o. 7> >. ^^oflA-l ^4-, #± 7f^S.Ai ofl» S-^ 

0 2 , N 2 SL^ 0 3 1- A>-§-^- ^ ojcf. a o v 7 ] ot 300 80 o°C2] ^isHl^l 
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£ lC* , "fM^T 0]-f-O^)^ ^1 aV-g-#a4 AV^lS. Ol^f-O^l 

tt *fl2 *>-§-*l-*r ALD ^ofl o^o} av 7 ] xv^jg # ^ <+5j-^(22) $H ^ ^2}- 

^ v (26)-g- ^^*Vcf. ^7] ^>5}-^-(26) ALD 200 ~ 350°C£| 

^r^-l-S °l-Lo^i fe ja-fi-^-ir ^*}^ ^ o. f ^V 7 ] =.4=. ^^(26)^- La 2 0 3 ^ 
7>*H}. ^l-S. ^l^^^l^ #7l #4? ^^-(26)* ^*Kr 3) olc^A^, #7] 

*11 1 c^ll- 1-^ La(NPMP) 3 , La(NPEB) 3( La(0C 2 H 5 ) 3( La(EDMDD) 3 , La(DPM) 3 , 

La(TMHD) 3 , La(acac) 3 , La(EtCp) 3 ^ v}&z\-s}7))^ , ^7} ^ll «!:-§-#S^ 

o]= 7%<£o) =i ^>#^, ^} w>^*|*Wlfe #7} *fll tiV-§-#SAi La(NPMP) 3 » a> 

-g-tb^. °) £ lb» °H v}2\- La(NPMP) 3 l- ALD ^ ^g«H * 

#*|-7l *H1 -g-flJj ^Efls. 71J1-7H1 ^g-g-sH 7131-Al^cl-. ^ qt 200 350 1: si Z\3-o\) 
*| ALD ^<H1 Sl*H *8^€ ^^-^ CVD ^ #3^4 a] £-5} 

TiM" Ol^ 5114 S^o. ^ oIod] ? Ulm^ ^ofl^o, 

7>^^l7l nfl^rofl # 7 j ^(12)4 #7} al^^O)-^ A>ol^ ^ofl ^o_#~o) tg^ 

3^ ^ SEtb, ALD -fM^r o^o)^^ # 7 ) ^ by 

-§-1-4 Al^^o] ^ 2 a>-g-#ol ^ vflofl JUcflS ^51 7l nfl^-cHl -H-71^ 7l 

# #-§-°l €^3°. 3. ^SjJL, #71 ^ iflS #-§-##3 ^tg ^o-ofl 

0)^01^1^5. ^s-^ni^ (self-limiting processHl S)*V f^o} ol-f-ol^l 

Cf. ALD ^<H1 Sl*M ^£ AV^nl-O. ^ ^ 7MH, 

^^o)l^ £ ojj-^. ^oj^^ ^1^^1-Dl ; ^ A Si ^^1 S^ol 7>^>Cl-. 
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^7} ^sMl-t ^*Hr Xl2 «V-§-#S.Ai X]-!- 1-^ 0 3 , 0 2 , #e^*> 0 2 , H 2 0 iE^ N 2 01- 
^>-8-^. ^^Xlfe, #71 Xl2 «V-§-#SAi 0 3 » *>-8-#4. Xl2 oV^-l-S.^ o 3 * *}-g- 

*Hr ^-f, #7] ^ ^BV(26) ^aj" tflS^j 7fl ^ X 

^ #^(26)* *§*a*}7] ALD ^XH^r <$7] XU ^ Xl2 «H-# 

-§- Xl<?] A^^, o}7H ALD 1 A>o]^ cf-§- yj-^ cf^s.^. 

i^-ttcf. ^7-1, # 7 ] ^ #3^(22)°! *§>8€ 7l^;(10) $H #7} Xl 1 

A oM X|l ^l^fl- ^^^cf. n. ^-71 a^EXl 7l#( 10)^X1 

lr#^ 7>^« ^"^VX A o v 7l XI 1 #-§-#2] h>-§- ^-<4-l-i- XI 71^7] ^ *MS- # 

71 XI 1 4H ^-71 X12 aV-S-#* A o V 7l XI 1 3^^^ 

2f ^-7] X12 *>-§-#-§: ^-g-Al^TX. H ^, ^-71 tilJEX] 7l^;(10)4Hl 7>^# 

*H X12 «l-§-l-^ ^g-g- Sj^j-TX-. A o V 7l *j- c+TimS. oj^-cXxl^ 

1 ^}<X#^ ALD ^ 5] *H-*><X €*Rr ^ ^Xl^] #^ A>^.ni-(26)# 

<X. 

£ lb« %!-S5><X °H ^^tl- ti>X- ^-o] ( av 7 ] AV^T^^ ^ #^(22) ^ ^ # 
7} ^ ^^"(22) ifl^ XI Til- ^ <X^ ^-8: £ Id 

XI S.*\i& ufX- ^<X ^"71 ^ ^>5l-^-(26)* ^^*V X^ X^^-i: *8*H Jl-B-^i^-(20)-g: £ 
^71 <X^X1 XI A o v Xl $ Xt^- -£ lb* #i*>X A 4^tt ^-xX. 
£ 2a ^ £ 2b^ ^ ^ ^Xl tX€- i^-^BV y o^Xl^ oj-g-s]^ ALD ^^X] ^ 

^ ^I^r 7>i cfolXzi^olcf. jiiX ^-Xl^-^S, £ 2a^ ^"71 AlsJ- 
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BK22) ALD 3-8-£)ir 7}+ ^ t\-o]o]zL&o}ji t $_ 2b^ #7l ^ #3*- 

^(26) *§#^- $m ALD ^^l aj-g-s)^- 7>^i ^ cfol^zL^olcf. 

£ 2a» %^*>#, #7l #3-^(22) *§^# ALD 1 4°lt^ 

#7l ^ ^(12)^1 ^£ #5L*ll 7l#(10)^Hl #7l ^11 tij-g-l-^r *U #-§- 

#^ ^^-i; *g^*H= #31 AS+, #71 *fil al^-l-Sl ^-## ^711- ^1 21*1 -g- 7}^, 

^ 1"%^ 7>i» ol^-^o^ Tllxll- S^Kr #7ll B# i^-tVcf. AV 7 | #3) A * B!- 4^ 

5] tiV^H ^ ^1^1 #71 #4? #2p2K22)c>l ^sjt}.. °l7)*\, #5M14 ^ 

A2 ^-§-#4, #71 ^12 ^-## ^711- A>^-Sl^ ^2 Sl^l-g- 7} + ±r ^ A> 

-g-Sl^l SHrt}. 

£ 2bl- #71 ^ #S}-^(26) ^§#-=r -rltt ALD ^21 1 Afol^ # 7l 

^ ^ #^-^(22)ol *§>^ ti_Vi^l 7l#(10) iflofl #7] #-§-#^- ^-g-SH #71 *fll 

al-i-i-al Sl-^^-a: ^#*h^ #31 C4, #71 *fll #-g-#<5l -*f## ^711- ^ *U *m-8- 
7}^, ^ 7>^# ol-g-^cxj 21^11- ^§>^ #711 D4, #7l *fil «>-§-#Sl 5h«h^^# 3 

°11 #71 ^12 #71 ^1 Sl-^2}-#4 # 7 ] *fl2 #-g-#^r s}-^ #-§- 

A l?)^r #7jl E4, #71 ^2 ^#-§- ^1711- ^12 7>i, ^ 7}±.^r 

°l-g-^>^ 31*1* ^5+^7 #711 F» i^4. #7l #711 C, #31 D, #31 E ^ #711 F# ^>^1 

4^ SI #4*H ^ n^l^l #71 ^ #Sj-^(26)ol ^^^cf. 

£ 3£r ^# «cHHl ^-Bl 51-71] xj-g-^ ^ ## #51-^-21 

ALD ^cHl ^tt #3" ^-£1- #3- ^£^1 ^4 ^7}fl ^4°14. 
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<45> £ 30} 5§ 7 >-& $\f>\<*\, ^£ S^HH £ 2b°\] 454. ^ 7>i ^ « 0 V^ 

ofl ALD ^-i- *8SH La 2 0 3 ^ ^^^tf. o] nfl ^1 a_V-g-#^ La(NPMP) 3 l- A}-g-*|- 

31, ^12 «>-§-#^ 0 3 « A^i"!, *lll *l*l-8- A^ £ ^12 3)^1-8- 7}iS^1 AA Ar-g- 
^f-g-^cf. ALD ^2} A #31 C, #31 D, #31 E g #31 F^r ^ 0.02^, 53, 

, 52, % 5^ ^^Jl, # 100 ^H"M ^tt La 2 0 3 ^- ^Ml*- ^ 

<46> S. 32} ^^H, 200 - 350 °C 21 ^2}- 1J$H*1 ^17> 2j.u>^-31 ^7><5><*| . 

^A Sr^] ^£7> 712] ^^tb 3# ^ ^cf. «>#, ^£ 350°C °1-*HH 

^A^A. 51 3^1 M-H+\fl H><4 ^ ^-sofl ^ ^tr ^- nfl f ^ 350 ° C °)is} 

2] ^.jEoflA^ ALD ^^Hl 21*1 La 2 0 3 ^2l ^Sj-o] 7 >^tt %9J^- ^ $Jcf. 

<47> 51 4a ^ 51 4bTr ^21 >U2 ^^HHl 14^. Jl^-^A qs§ -g^M 

^ 51*1 ##5i#oit}.. *l)2 ^*Hfe ^1 ^aHI^I- tfl*fls. ^-^^l-M-, *f|l ^ 

AH] 21- cf^ *-g- 5}^ ^^-(112) $H ^hh^ ^ ^^(132)* ^^«>7l *Hl a>^^^ 
^ ^3^(132) ^ 1-^4^ #*J# ^ -LVSl-l-S ^51^ 31 1 -n-^H|(120)* ^ 

#3l# cl 3Ef-«lcf^ ^Jolcf. olofl cfls>ol jitf ^1^1 ^^sr>^ cf^-^l- ^-tf. 

<48> £ 4al- %S*>^, S. la* ^^*1 ^ #51*11 71^(110)^1 

*>-¥- ^(112)* ^tm. 
<49> zt * , #7] ^ ^(112) $H ^ ol^ol^l^ ^1 -2^^^(120)1: ^ 

A ^W. ^o V 7l ^11 -8-^^(120)2, -fr^oV <i^Sl ^Al Aj-7] ^( U2 )ol A]-^ 



41-17 



1020030025533 %:^ 2003/11/20 

^ 3# y oM^>7l ^ n^Sr ^1, ^71 <5>Jf ^^-(120)ol ^4=- 

^ ol^^l *4-$] -H-^nv ^^a] ^ 

5^ -*7l ^ ^^-(112)^ #7} 41 -B-^^-(i20)^l Jl43-°sL « 0 M€ ^ 5ll 

<50> a o v 7] ^-^^-( 12 o)^ A1 2 0 3 ^S °"|=o^m 3H Aj-71 ^11 -8-^(120) 
£r ^ 30 ~ 60A^ ?f-v\)S. ^ 

<5i> #7l ^11 ^-^^-(120)^ CVD Hi^r ALD «o^ii ^ 91^. ^7] ^-^^-(120) 

■i: A1 2 0 3 5L ^-^Kir °lt CVD »^SLS. ^*>7l , ofli- TMA(trimethyl 

aluminum) ^ H 2 0# ^>-g-*>^ ^ 400 - 500 M £r£ ^ ^ 1 ~ 5 Tor r ^ ^ *HH 

<52> Aj- 7 ) ^ U o.^nv (1 20)^ ^*Rr A1 2 0 3 ^* ALD »^<L£. ^*Rr ^-f, *U tiV-g-l-s. 

*1 TMA* A>-g-*>jL *fl2 O3-& ^l-g-^H ^ 250 - 400 °CS] ^ ^ 1 ~ 5 Torr 

^ ^£ «HH ^*Rr n^]^ A1 2 0 3 ^1 «fl^M ^"71 #2}- 

*3 ^ ^(purging) Aj- 7 i A1 2 0 3 ^ ^1 1 ^-§-§-5.^ TMA 

AICI3, A1H 3 N(CH 3 ) 3 , C 6 Hi 5 A10, (C 4 H 9 ) 2 A1H, (CH 3 ) 2 A1C1, (C 2 H 5 ) 3 A1 3L±= (C 4 H 9 ) 3 A1 ^ 
^rS. 91^}. 5Eth ^7} *fl2 *};-§-§- H 2 0, N 2 0, #ef^> 0 2 ^ 

<53> £ 4b» &H=.*M, ^-71 afll -8-^^(120) $H ^2 ^ ^Vsl-l-S. ol^^^l^ *fl2 -R-^i 

^-(130)^- A o V 7l A}2 ^^Sr ^"71 *fll #4? Aj-s}.-^^ O] 
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<54> #7) *112 -B-*W130)^ *£ A 3*}7) £ la ifl*l £ ld» #S«H «>*4 £ 

y o v ^^-S afll ^5}- (120) SHI ^4? <+3j-eKl32) g ^^-(136)4- *V 

QJQtt. ^7} ^Bi^ ^ #3-^(132) ^ ^ ^^-(136) ^* ^tt *Mlt>- 
U>£ £ la ifl^l £ ldl- 
< 55 > JE 5^r ^2 o]-ef o.^ni-( 1 2o) ^ ^112 -3-^(130)2] ^^JlS. 

Ji-^^^ ^].«. ^(112) $H sjA^v ^-f ^ ^ ^ ^-i; 3g 7 Hb 

< 56 > £ 5 o] 5g 7 V* TiNJlS. ol=.^^l^ ^ ^ofl A1 2 0 3 ^S. o]=c>|^^ 

-fr^nv-g- 30A ^lS ^*>JI, ^"71 2111 -f?-^ $H La 2 0 3 ^S. *)] 2 -ft-^n^g. 

30A^1 ^^^V^^-. *1 nfl #3}- 300°CS ^oft}. o]^ ^-o] Al 2 0 3 /La203 

°lf^ SHI TiN ^ ^i^-8r *§^tb * iS^n^-a) ^ ^ ^ 7]^ t^a^ 

<57> tr 5 ofl^ tflS^l-g-S-A-l 50A 7f^lb A1 2 0 3 ^ ol^.^^- -^^^0. ^ ^. 

^-f (-H-)^, 30 A ^1^ Al 2 0 3 ^-4 30 A *f-v\]2\ Hf0 2 ^ °}^<L3, °l-?-<Hx]^ -fr^-g: 

£ Q)o\ ^ ^21 ^o.(-#-)Sl- ^<a^>7fl ^V^Cl-. 

<58> £ 50} j$ 7} ^5L*^ t £ ^-^ofl 4 = wj-^oll Al 2 0 3 /La 2 0 3 °lf^JL5. O] =.0] 

*l^r JlL-ft-^Kg- f-7K>3}-e| ^ (Toxeq)7> 28. 5 Ail 3. ^ 7>^ 

^-^^ -Stt^ ^^1 ^-i«3:^ ^1- ^]*>5$-2.^, Eflola^.H( take-off) 

2.0ViM Al 2 0 3 /Hf0 2 -B-^i^-Sl ^-fs}- al^tb °<HM: M-eHH £ = ^-g- j^o] 
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-fr##°l ^3^r 53 ^±^}7] flSH Jl-fr^^ -ft- 7]^ 3j-^#, W>^-2]^> 

<eo> ^-xgofl tr)-5} ALD ^*r°i ^ -J_r3^£r CVD ^ofl s^cc] «v 

^ Wlm^ nfl -S^tr ^ o^o] c^y ^4^* 7>^H , CVD ^"fr °l-§-*Rr ^O-ofl al§> 

^lU" *r 5*4. Sth ALD ^cHH^ ^ ^21- (react ant )°1 ^ ^ 

iflS iEtflS ^^-5l7l nfl^ofl =4f ^^o} 7l AV dl-o-o] Jg^o.^. <--]*fl5-H , ^ vfl^. 
*-3"€ i^lrTj-S] £^ ^r-§-°ll ol e-cH^l JP.S. ^H-&M ^ S^ii 

^tb ^l^^^m-. ttfe}^1 , ALD<^l ^* r °i ^ ^Sf^l^r -f^r^- sl^-g- 

7}*l^, ^ ^^HHlE ^JLtr ^-^^-i- *f|^ ^ *H #3 Aj ^ ^ ^ Til 

<61> ttf^Ai, ^tgofl o^j-ig oj*fl ^p. So11 ^ cf^= ^tL ^ o^ofl 

tr 51_£^-§- ¥^1^ ZL-B-Aiov^ ^ , ^-8- ^^1 
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[$^* 1] 

(a) -^71 o^o^fe. ^1 av-g-l-g; A}-g-^ ALD 3*M fe^l 7) 
JfW^i <U ° 0 ^cf 3£ ^ D^-i: ^ ^s^#S o^o^fe aV^^^ ^. 

^ 

(b) #7l afll *}-§-«- 4 WIS °l^°H^r ^|2 ^]-§-*>fe ALD ^*<H o^}cc) 

^ avnv ^ 
l^tt 2] 

# tg^ ^ 

3] 

^"71 afll ^-fr^fe- 3 -a- ^-2-5. ^ ^ «Vn^ ^ w o V^. 
[^T^ 4] 

^71 afll La(NPMP) 3 , La(NPEB) 3> La(0C 2 H 5 ) 3, La(EDMDD) 3 , La(DPM) 3) 

La(TMHD) 3 , La(acac) 3 , ^ La(EtCp) 3 ^ -id 3# ^ =4f 

HVnv ^ ^ 
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5] 

aflnHl 9X^^\, #7l #4:^ ^Itt 

(a-1) #71 $£*H 7l^Hl a o v 7 ] ti_V-§-!-g- #71 afll «V-§-#Sl ^^o. 

(a-2) #71 7l^r#sl ^-##-§- sl^l (purge) ^1 Sls>o^ ^T^Kr 

(a-3) ^1^1 #71 ^ #3^1 «fl^l #71 #7fl (a-1) ^ # 

^11 (a-2)» i&4*Kr ^31* 3.^*}$= ^^.S ^ ^ ^ *§# « o v^ 
6] 

*lli#°fl 5a<*H, 

#71 #4i^^ ^ #3^£ 5 ~ 30 AS] ^is. ^#£l^r ^ n 

7] 

*fll%Ml A^H, #71 9"^ #sj-sv* 3^*Hf #31^ 

(b-1) #7] #i^^ ^ #5)-SVol *§^£ 7 ]j£ o^ofl #7] ^ X ^-g-^-g- ^ 

*H #71 *Hl aV-§-#Sl 5K v ^ v f- (chemisorbed layer)^: ^*Hr ^Sr, 

(b-2) #71 ^2 «}-§-l-# #71 Sj-flHE^ $H ^-^>^ #71 aWS^^ ^. 7 ] ^ 2 

s}-^- 7i tt 

(b-3) ^ ^1^1 #71 =4* #3^*1 nfl^l ^-7] ^ (b _D ^ ^ (b-2)l- 

#^-*Rr #7$^ S.^}^ 3* <5 r ^r ^ ^ 

41-23 



1020030025533 #^ ^7}: 2003/11/20 

IQtt 8] 

A oM ^2 0 3> 0 2 , ^^nV 0 2 , H 2 0 ^ N 2 0sL o] if^*]^ 3* 

S-^JLJL ^ ^ ts^ ^ « 0 v^. 

9] 

* *)l7ii5Rr ^-7111- t>) 5tfJ-*>^ 3* <5>^r ^ ^-nV ^ yjog 

10] 

=I*H 3J*fl*m 3# ^ ^ «vs]- ^ wj-^. 

in 

^y] ^31 (a) ^ (tO^r ^ 200 ~ 350 -&£*Hl A i ^^fl*]^ 3* 

^ ^4=- ^ wj-^. 
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[^t 1 * 12] 

131 

*fll2tMl SH-H, 

A oM o)^^^ ^-71 #31 (a) 21^, 3L^r ^"71 #7fl (b) ^)§fl^^r 3* 

^ ^ V ^ U o^. 
[^n^ 14] 

*fil2^H 5U°H, 

A o v 7l ^^^^ 300 - 800 M ^H^HMI <S*fl*]fe ?A^r ^io S ^ ^ HVDl. ^ 
15] 

*iU2*cMl fl<>H, 

A o V 7l ^^^^ 0 2) N 2 ^ 0 3 S °l-f-<H*]^ ^oflA-1 7>i ^-^71 ^ ^ 

71 «HH «8*fl*l$r 3* ^ ^ 

16] 

(a) ^Afol= 7fl<!^ -B-71^ sJ-tM-S. o}^.o]*]^. ^1 H>-g-#^ A>-g-^ ALD ^ 
ofl <s]«H ^-£^1 7l^ 0 Hl La 2 0 x (x < 3) 7^1^ *fll £# ^Hs}-^* ^*Rr #31^, 
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(b) afll tiV-g-#32f AV^lS. o] =.^^1^ 2fl 2 AV-g-^-^ ALD ^*cH i^V^ 

^7} m *H La 2 0 3 S^^§- A}2 ^S}-^g- ^*Rr ^TTfll- if-^ 

[^t 1 * 17] 

^7} *fll La(NPMP) 3> La(NPEB) 3 ^ La(0C 2 H 5 ) 3 S o^o^l^ 
18] 

^16^H1 9X<^^, ^"71 *fll ^-H^ AV^nV tg^ c^i, 

(a-D <#7] 7l^ 0 Hl ^"71 1 ^^-^H A o V 7l ^11 *>-§-■§• S^f-fr 
(a-2) ^7} tiVS^l 71^5] -^#-g- S^Hl o]*>c*| ^7i<5Rr &7\)9±, 

(a-3) ±^ ^7) *fll ^ Aj.gJ.nVol ^Aj^ nfl^j Aj- 7 } cj^ ( a _l) ^ ( a -2)» 

19] 

[^^■^ 20] 

^116%H1 $1°]*], ^7} A}2 ^ AV^nV^. ^Aj£Rr ^l^r 
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(b-1) A]2 &^°] ^KE^l 7}# J?H # 7 | ^11 

(b-2) ^-71 ai| 2 a Jr^-#-i- ^ v 7l s}-^^ $W #7) Sj-^sf # 7 1 A}2 

(b-3) ^ ^-^^ ^-7] ^2 «h?w # 7 ) ^ (b-D ^Tji 

(b-2)» #4*Rr i^>fe S-^^-S ^ ^ A^nv ^ w 0 V^. 

[^J^B- 21] 

A J"7l *fl2 0 3) 0 2 , 0 2 , H 2 0 ^ N 2 05. °1 -f<H *1 Ir *]fJ}£|^ 

22] 

23] 

*fl22%Ml &<>H, 

A oM afll g? >H12 «>-§- ^lTi #7fl^ ^ -i-^ 7>^# A>-g-^}- 
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IQtt 24] 

*Hi6iM] 

<$7] &n (a) ^ (b)fe ^ 200 ~ 350 M ^Sfl*lir ^ 

25] 

26] 

^125%H1 5&°H. 

^y) ^"71 #7]] (a) JE^r #7j #7]1 (b) *8*fl*l^ ^$<L3. 

27] 

#7] 300 ~ 800 £r5L*HH ^sflxl^ ^ ^105. ^ ^ a}.^ t§ 

28] 

#71 O^ig o. Q 2) N2 ^ Q 3 ^ ol^<H^l^ ^d^S]^ 7}+ ^7) SE^r ^ ^ 
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i^^Jr 29] 

(a) fe^l 7l^ 0 Hl *fll ^ #^3. o)^o]x}±- ^11 -fr^^M- *g^H^ #31^, 

(b) ^71 ^1 -Fj-^BV ^ofl ^ 2 ^ ^V^-l-S. ol-f-o^]^ 42 ^*Rr cj-Tjl 

(b-1) -fM^ 5}-^#5L °l^-<H*lfe ^! *>-§-#.§- oj-g-^V ALD ^-*<H ^ *H *fll 

*r w^-* ^*Rir 

(b-2) #7l *fll aH^s ol = o] 7) i=. ^2 «]-§-#^: AV-g-sHfr ALD 2)f>\ 

[^t 1 * 30] 

#71 *fll A1 2 0 3 S. o]^o]^^ 3} °. Jj-^OJi. ^ Jl-R-^ ^ H o V ^. 

[^T 1 * 31] 

#71 ^11 -fr^Kgr CVD S£fe ALD «J"^^^ ^JlS ^ -H-fi-*!^ ^ 
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[37* 32] 

*fl29%Hl 91°]*\, 

A oM -fr**^ 30 - 60A^ ^flS. ^3£r ^^°-sL *}±t 31$-^ ^ # 

^. 

[^7* 33] 

*fl29%Hl 5^1, 

[^7* 34] 

^129%H1 ^7] #7|1 (b-l)^r 

2fll ^d^MbMl ^"71 *fll yV^-^-g- ^71 ^1 tg^sj. 

A oM ti>£^l 7l^>^ -f-A>-§-^; ^7^71 ^-TflSf, 

[^7* 35] 

^129%H1 Slo)*}, 
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36] 

429%H1 91°}*], <$7] #4 (b-2)*r 

<$7] <&±.%% ^4=- AV^nVol tij-^ 7 }% ^ 4l ^^sH # 

71 4l ^1 ^°"Hr #4^, 

^71 42 *bgr## ^71 Sf^W $H gj.*}.*^^ ^-71 42 <£-§"§- 

* W ^-g-^l^- #4^, 
37] 

436*cHl 5tM^, 

A o v 7l ^2 0 3) 0 2 , #^^> 0 2 , H 2 0 ^ N 2 0S °l^-<H*m -^sm 

38] 

436%H1 9X°}^, 

A oM 41 Sl ^.*j-*^ol $^3 :f a o v 7] aV-g-l-^ «_>-§- -^Al^-o. ^7i^ 

o. 4t1 ^4* cl 5£^>^ ^ f^lo S ^ Jl-Pr^l^ ^ 
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39] 

me^} 91°]*], 

40] 

^129%H] ft 0 !*], 

^7) #31 (b-1) ^ #7)1 (b-2)£r 4^ 200 ~ 350°C^1 ^£*HH ^*fl*lfe ^ 
41] 

^129%H1 5U<>H, 
42] 

*fi41%Ml oio^^ ( 

A>7l <H^-& #71 #711 (b-1) 3^, a o v 7 } cf^) (b _ 2 ) ^j^ofl 31 -g- Jf-^ 

43] 

>H141^1 91°]*\, 

#71 <H^U£: 300 ~ 800°C£] ^i^HlAi ^sfl^l^ ^-Al o_^. v\±r JL-fr^ 3# 
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l^Tlt 44] 
^141%H1 

45] 

(b) ^"71 Till -fr^ ^ofl ^-Hj- ^VSj-l-S. °]=o^ir *fl2 -B-^^ ^*Rr ^^11- S. 
A o V 7l *fl2 <8>$*fe #7fe 

(b-1) ^-71^ 3^#S <>l^-<H*l*r ^1 av-g-l-^ ol^-*V ALD ^7} *fll 

-n-^i^ $H La 2 0 x (x < 3) 7>^^ Xfl 1 ^ AVsj.ni-o. tg^Hr ^7)1^, 

(b-2) ^"71 *fll a>-§-l-3z)- aV^.^ s oj-f-o^j^ Af-g-§}^ ALD ^-*cHl ^} 

^ #7] m $h La 2 o 3 ^2 ^ <j-5K v -a- ^*Hr #31* s^- 

I^U" 46] 

^)45%H1 5a°H, 
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47] 

A oM afll -fr*!^ CVD Sfe ALD ^£]tt 3^ JH^^ ^ 

[^Ih 48] 

^145%H1 

49] 

^7) *U •£-§-#-£: La(NPMP) 3( La(NPEB) 3 , La(0C 2 H 5 ) 3> La(EDMDD) 3 , La(DPM) 3) 
La(TMHD) 3 , La(acac) 3 , ^ La(EtCp) 3 S ^ifo^^ ^S\±= ^ o_S. ^ 31$- 

50] 

^145%H1 5a<H^, #7) (b-l)^r 

A oM *fll -a-^i^Hl -8-71 *fll ^^-o} ^-71 ^11 ^#-§- 

^7} te^l 7l^oj ^AV^-g- ^]7l5>7l ^WRr ^7fl<4, 

3* ^.0 3. S}^ 3L*^ «o V ^ . 
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[$^* 51] 

^145%hi sa°i*i, 

A]l ## ^>S)-^ 5 - 30 AS] ^3tt 3^ ^^)AsL ^ al-fr^ ^ 

52] 

^145%H1 &<>H, ^"71 #711 (b-2)^r 

<#7] m ## AVsJ-^-ol aVH^fl flofl ^- 7 ] ^fli a>-g-l-^. #7l 

#-§"§-3 S^^a^-fr $^«fa=. #711^, 

^) 2112 #-°-§-* ^-71 s^^^ ^ofl ^-71 S^^f^ Aj- 7 1 *j] 2 

-g- ^ #-§-*l?l*r #711^, 

#7] g^*^ ^ #711 ^ ^71 ^-^^"#4 ^2 #-§-§- 2^ 3^ #-§- #7111- 4 
*r 5] #^-*Rr #7111- i^Rf 5J-ir ^8 *}±r ZL-R-*!^ ^ ^ . 

[3^8" 53] 

2fl52%Hl .&<>H, 

A oM *1]2 0 3 , 02, 0 2 , H 2 0 ^ N 2 0S ol^ol^l^ ^o\)A] ^5)^ 

54] 

2fl52%Hl 
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